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(54) Piezoelectric ceramic composition 

(57) This invention relates to a piezoelectric ceramic 
composition which consists essentially of a composite 
oxide with perovskite structure comprising Pb, Zr and Ti, 
and contains, as the side component, at least one of Mn 
and Cr, and further contains Cu. Preferably, the compo- 
sition still further contains Cu. Preferably, the composi- 
tion still further contains W, more preferably at W/Cu ^ 
1.1. Even more preferably, the composition has an 
excess Pb content larger than the stoichiometric 
amount of Pb in site A of the composite oxide when rep- 
resented by the general formula, AB0 3 . The composi- 
tion can be sintered at low temperatures and has good 
piezoelectric characteristics, for example, a high elec- 
tromechanical coupling factor. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a piezoelectric composition and, in particular! to a piezoelectric ceramic composi- 

tion which is useful as a material for monolithic harmonic resonators, monolithic harmonic filters and monolithic piezo- 
electric transformers. 

BACKGROUND OF THE INVENTION 

10 

Recently, various electric devices with piezoelectric ceramics have been developed and are being put into practical 
use. For example, known are monolithic harmonic resonators, monolithic harmonic filters and monolithic piezoelectric 
transformers that can be produced by forming electrode material layers on green sheets containing a piezoelectric 
ceramic composition, and then laminating, integrating and co-sintering them. 
is Regarding their characteristics, the piezoelectric ceramics for such electric devices are desired to have a large 
electromechanical coupling factor (Kp) and a large mechanical quality factor (Qm). 

As good piezoelectric ceramic compositions with high factors of such characteristics, well known are compositions 
of Pb(Ti,Zr)0 3 . However, Pb(Ti,Zr)0 3 compositions generally have a high sintering temperature of 1200 or higher. 
Using such compositions, therefore, it was impossible to obtain monolithic piezoelectric devices with relatively inexpen- 
20 sive inner electrodes of Ag-rich Ag/Pd. 

Accordingly, various modified compositions of Pb(Ti,Zr)0 3 have been proposed in order to lower their sintering tem- 
perature. These are produced by adding some other compounds to the basic composition of the Pb(Ti,Zr)0 3 . 

For example, in Japanese Patent Application Laid-open No. 2-303081, disclosed is a composition of 
Pb(Ni 1/3 Nb2/ 3 )0 3 - PbZr0 3 - PbTi0 3 to which Pb(Cu 1/2 W 1/2 )0 3 is added to thereby make it sinterable at low tempera- 
25 tures. 

However, such conventional, low-temperature-sinterable, piezoelectric ceramic compositions as obtained by mod- 
ifying the basic compositions of Pb(Ti,Zr)0 3 were problematic in that the piezoelectric characteristics intrinsic to 
Pb(Ti,Zr)0 3 were worsened. For example, their electromechanical coupling factors (Kp) were lowered. 

Given the situation, the object of the present invention is to provide a piezoelectric ceramic composition which has 
30 excellent piezoelectric characteristics, for example, has a high electromechanical coupling factor (Kp) and which can be 
sintered at low temperatures. 

SUMMERY OF THE INVENTION 

35 In order to attain the above-mentioned object, the present invention provides a piezoelectric ceramic composition 
consisting essentially of a composite oxide with perovskite structure comprising Pb, Zr and 71, and containing, as the 
side component, at least one of Mn and Cr, which is characterized in that it also contains Cu. 

Preferably, the piezoelectric ceramic composition further contains W, in addition to the above mentioned elements. 
Also preferably, the amount of said Cu in the composition is from about 0.01 to 5.0 atomic mol% more preferably 
40 about 0.02 to 2 atomic mol%, and the amount of said W therein is from 0.01 to 5.0 atomic mol%, more preferably about 
0.02 to 2 atomic mol%. More preferably, the atomic molar ratio of said W to said Cu in the composition is about 1.1 or 
more, and even more preferably at least about 1 .5. 

As is known, said perovskite composite oxide can be represented by the general formula AB0 3 . It is preferable that 
the composition contains the Pb in an amount larger than the stoichiometric amount of Pb in the site A of said compos- 
45 ite oxide AB0 3 . 

PREFERRED EMPQPIMENTS OF CARRYING OUT T HE INVENTION 

Now, embodiments of the piezoelectric ceramic composition of the present invention are described hereinafter 
so along with examples thereof. 

Ex a m p l e 1 

First, raw materials of PbO, Ti0 2 , Zr0 2 . Sn0 2 , Sb 2 0 3 , Mn0 2 , Cr 2 0 3 and CuO were prepared. Next, powders of these 
55 materials were weighed to be able to obtain a ceramic composition comprising a composite oxide with perovskite struc- 
ture of 0.05Pb(Sn 1/2 Sb 1/2 )O 3 - 0.47PbTiO 3 - 0.48PbZrO 3 (where the coefficients indicate molar fractions) along with 
aMn0 2 + bCr 2 0 3 + cCuO (where a, b and c indicate mol% and are shown in Table 1), then wet-milled in a ball mill 
together with water, and thereafter calcined at a temperature falling between 700 and 1000 for 2 hours. 

After this, from 1 to 2 % by weight of a polyvinyl alcohol binder was added to the thus-calcined powder, mixed, 
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t 

ground, dressed, and then press-shaped under a pressure of from 500 to 2000 kg/cm 2 to obtain circular discs each hav- 
ing a diameter of 1 2 mm and a thickness of 1 .2 mm. 

Next, the thus-obtained discs were baked at a temperature of 1100 and 1250 for 2 hours to give circular ceramic 
discs. After this, silver electrode patterns were printed on the both surface of each ceramic disc, to which was applied 
5 an electric field of from 1 to 5 KV/mm for from 10 to 60 minutes in an insulating oil at from 40 to 150, thereby polarizing 
the discs. 

Next, the circular piezoelectric ceramic discs thus obtained in the manner mentioned above were tested to obtain 
their relative dielectric constant fa), electromechanical coupling factor (Kp) and mechanical quality factor (Qm). The rel- 
ative dielectric constant (£ r ) was obtained from the capacitance measured. The electromechanical coupling factor (Kp) 
10 was obtained from the resonant frequency and the antiresonant frequency measured with an impedance measuring 
device. The mechanical quality factor (Qm) was obtained from the resonant frequency, the antiresonant frequency, the 
resonance resistance and the capacitance measured. The data obtained are shown in table 1 . In Table 1 , the samples 
marked with * are outside the scope of the present invention and the others are within the same. 

15 

Table 1 



20 



25 



30 



35 



40 



Sample No. 


a 


I b 


i • 


Baking Temp. (°C) 




Kp(%) 


Qm 


Remarks 




(mol%) 












*1 


1.0 


0 


0 


1 mn 


770 


23.0 






2 


1.0 


0 


0.005 


1100 


830 


25.8 


250 




3 


1.0 


0 


0.01 


1100 


1240 


39.8 


530 




4 


1.0 


0 


0.02 


1100 


1320 


; 42.0 


600 




5 


1.0 


0 


0.05 


1100 


1370 


45.7 


650 




6 


1.0 


0 


0.1 


| 1100 


1400 


48.9 


730 




7 


1.0 


0 


0.2 


1100 


1420 


48.9 


740 




8 


1.0 


0 


0.5 


1100 


1450 


50.1 


750 




9 


1.0 


0 


1.0 


1100 


1470 


50.4 


750 




10 


1.0 


0 


2.0 


1100 


1430 


45.0 


770 




11 


1.0 


0 


5.0 


1100 


1320 


39.3 


650 




*12 


1.0 


0 


0 


1250 


1580 


56.5 


770 




*13 


0 


0.5 


0 


1100 


640 


20.8 


210 


Insufficiently sintered. 


14 


0 


0.5 


1.0 


1100 


1510 


50.0 


730 




*15 


0 


0.5 


0 


1250 


1510 


56.5 


530 




16 


0.5 


0.25 


1.0 


1100 


1490 I 50.3 


720 





45 

As shown in Table 1 , the ceramic samples of the present invention consisting essentially of 0.05Pb(Sn 1/2 Sb 1/2 )O 3 
- 0.47PbTiO 3 - 0.48PbZrO 3 (where the coefficients indicate molar fractions) and containing, as the side component, Mn 
and/or Cr along with Cu, sintered at 1100. As opposed to these, however, when sample Nos. 1 and 13, not containing 
the Cu, were baked at 1 100, the electromechanical coupling factor (Kp) and the mechanical quality factor (Qm) of the 
so sintered sample were very low or the sample was sintered insufficiently. 

The preferred range of the Cu content is from about 0.01 to 5.0 atomic mol%. Obviously in comparison with sample 
Nos. 12 and 15, which were baked at 1250, the samples of the invention having a CuO content falling within the range 
of from about 0.01 to 5.0 mol% had a high relative dielectric constant (£ r ), a high electromechanical coupling factor (Kp) 
and a high mechanical quality factor (Qm) even though baked at a temperature lower than 1250. 

55 

Example 2 

First, raw materials of PbO, Ti0 2 , ZrO a , Sn0 2 . Sb 2 0 3 , Mn0 2 , CuO and W0 3 were prepared. Next, powders of these 
materials were weighed to be able to obtain a ceramic composition comprising a composite oxide with perovskite struc- 
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ture of 0.05Pb(Sn 1/2 Sb 1/2 )O 3 - 0.47PbTiO 3 - 0.48PbZrO 3 (where the coefficients indicate molar fractions) along with 1 .0 
mol% Mn0 2 + 0.5mol% CuO + d W0 3 (where d indicates mol% and is shown in Table 2), then wet-milled in a ball mill 
together with water, and thereafter calcined at a temperature falling between 700 and 1000 for 2 hours. 

Next, in the same manner as in Example 1 , these compositions were processed to obtain circular ceramic discs, 
5 on which were formed outer electrodes, and these discs were polarized. All discs were baked at 1 100. 

Also in the same manner as in Example 1 , the relative dielectric constant (e r ), the electromechanical coupling factor 
(Kp) and the mechanical quality factor (Qm) of these samples were obtained. The data obtained herein are shown in 
Table 2. 

10 

Table 2 



15 



20 



25 



30 



OCllllfJlC IMU. 


Mn0 2 


CuO 


d 


e r 


Kp (%) 


Urn 




(mol%) 








21 


1.0 


0.5 


0 


1450 


50.1 


750 


22 


1.0 


0.5 


0.005 


1460 


49.9 


740 


23 


1.0 


0.5 


0.01 


1480 


50.5 


820 


24 


1.0 


0.5 


0.02 


1470 


50.8 


790 


25 


1.0 


0.5 


0.05 


1460 


50.7 


810 


26 


1.0 


0.5 


0.1 


1480 


50.8 


820 


27 


1.0 


0.5 


0.2 


1470 


50.9 


800 


28 


1.0 


0.5 


0.5 


1470 


50.7 


810 


29 


1.0 


0.5 


1.0 


1520 


54.0 


980 


30 


1.0 


0.5 


2.0 


1530 


57.4 


1030 


31 


1.0 


0.5 


5.0 


1230 


50.8 


1100 



As in Table 2, the ceramic samples of the present invention, consisting essentially of 0.05Pb(Sn 1/2 Sb 1y2 )O 3 - 
0.47PbTiO 3 - 0.48PbZrO 3 (where the coefficients indicate molar fractions) and containing, as the side component Mn 
35 and Cu along with an additional element of W, had improved piezoelectric characteristics, that is, their electromechan- 
ical coupling factor (Kp) and other factors were all high. 

The preferred range of the W content is from about 0.01 to 5.0 atomic mol%. Compared to sample No. 21 , not con- 
taining W0 3 , the others having a W0 3 content falling within the range from about 0.01 to 5.0 mol% had improved pie- 
zoelectric characteristics, that is, the electromechanical coupling factor (Kp) and the mechanical quality factor (Qm) of 
40 the latter were larger than those of the former. 

Example 3 

First, raw materials of PbO, Ti0 2 , Zr0 2 , Sn0 2 , Sb 2 0 3 , Mn0 2 , Cr 2 0 3 , CuO and W0 3 were prepared. Next, powders of 
45 these materials were weighed to be able to obtain a ceramic composition comprising a composite oxide with perovskite 
structure of 0.05Pb(Sn iy2 Sb 1/2 )O 3 - 0.47PbTiO 3 - 0.48PbZrO 3 (where the coefficients indicate molar fractions) along 
with aMn0 2 + bCr 2 0 3 + cCuO + d W0 3 + e PbO (where a, b, c, d and e indicate mol% and are shown in Table 3), then 
wet-milled in a ball mill together with water, and thereafter calcined at a temperature falling between 700 and 1000 for 
2 hours. 

so Next, in the same manner as Example 1 , these compositions were processed to obtain circular ceramic discs, on 
which were formed outer electrodes, and these discs were polarized. All discs were baked at 1 100. 

Also in the same manner as in Example 1 p the relative dielectric constant (£ r ), the electromechanical coupling factor 
(Kp) and the mechanical quality factor (Qm) of these samples were obtained. The data obtained herein are shown in 
Table 3. 
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Table 3 



5 



10 



15 



20 



25 



Sample No. 


a 


b 


C 


I * 


e 




Kp (%) 


Qm 




(mol%) 








41 


1.0 


o 


1.0 


o 


0 


1470 


50.4 


750 


42 


1 0 


o 


0 5 


0 5 


0 


1470 


50.7 


810 


43 


1 0 


o 


0 49 


0 51 


o 


1490 


50.5 


830 


44 


1 0 


n 


0 475 


0 525 


n 


1510 


52.0 


980 


45 


1 0 


n 


0 45 


0 55 


o 


1510 


52.2 


1010 


46 




n 


n 4 




o 


1540 


52.3 


1060 


47 


1 o 


n 


VJ .0 


0 7 




1490 


54.2 


1070 


48 


1 0 


o 


0 2 


0.8 


o 


1420 


54.8 


1040 


49 


1.0 


0 


0.1 


0.9 


0 


1400 


55.5 


1000 


50 


1.0 


0 


1.0 


0 


0.5 


1530 


52.1 


940 


51 


1.0 


0 


0.1 


0.9 


0.5 


1510 


56.1 


1030 


52 


o ; 


0.5 


0.5 


0.5 


0 


1480 


50.8 


680 


53 


o 


0.5 


0.4 


0.6 


0 


1490 


53.1 


700 


54 


0 


0.5 


0.1 


0.9 


0 


1450 


55.6 


740 


55 


0 


0.5 


0.1 


0.9 


0.5 


1480 


56.2 


780 


56 


0.5 


0.25 


0., 


0.9 


0 


1520 


55.9 


1030 



As seen in Table 3, the preferred range of the atomic molar ratio of the element W to the element Cu is about 1 .1 
or more in the ceramic composition of the present invention that consists essentially of O.OSPbfSn^Sb-^JOs - 
35 0.47PbTiC>3 - 0.48PbZrO3 (where the coefficients indicate molar fractions) and contains, as the side components, Mn 
and/or Cr along with W and Cu. 

Concretely, the sample Nos. 44 to 49, 53, 54 and 56, having a molar ratio, W0 3 to CuO, of about 1.1 or more had 
improved piezoelectric characteristics than the others, Nos. 41 to 43 and 52, having a molar ratio, W0 3 to CuO, of less 
than 1.1, that is, the electromechanical coupling factor (Kp) and the mechanical quality factor (Qm) of the former were 
40 larger than those of the latter. 

Comparing sample Nos. 50, 51 and 55, having a Pb content larger than the stoichiometric amount of Pb in site A 
of the composite represented by the general formula, AB0 3 , with the sample Nos. 41, 49 and 54, not having such an 
excess Pb content, the former had better piezoelectric characteristics than the latter, that is, the electromechanical cou- 
pling factor (Kp) and the mechanical quality factor (Qm) of the former were larger than those of the latter. 
45 In the above mentioned embodiments, the additives to the basic compositions were in the form of single metal 
oxides, which, however, are not limitative. They may also be added to the basic compositions in the form of their car- 
bonates or composite oxides such as PbW0 4 to attain the same effects as above. 

In the above-mentioned embodiments, the composite oxide for the essential component with perovskite structure 
illustrated was O.OSPbfSn^Sbv^Oa - 0.47Pb"nO 3 - 0.48PbZrO 3 , which, however is not also limitative. Apart from the 
so form of the composite oxide illustrated, the composite oxide may have any other form with the perovskite comprising 
Pb, Zr and Ti, such as Pb(Mn 1/3 Nb2/3)0 3 - PbTi0 3 - PbZr0 3 , Pb(Mn 1/3 Sb2/3)03 - PbTi0 3 - PbZr0 3 , or Pb(Ni 1 /3Nb 2/3 )0 3 
- PbTi0 3 - PbZr0 3 , and the piezoelectric ceramic compositions consisting essentially of the composite oxide of such a 
type can also attain the same effects as above. 

As is obvious from the above-mentioned description, the incorporation of an additional element of Cu into a piezo- 
55 electric ceramic composition consisting essentially of a composite oxide with perovskite structure comprising elements 
of Pb, Zr and Ti and containing, as the side component, Mn and/or Cr makes the composition have improved piezoe- 
lectric characteristics and makes it sinterable at low tempeatures. 

Preferably, the composition further contains W, more preferably at an atomic molar ratio, W to Cu, of about 1.1 or 
more. The composition of this type may have more improved piezoelectric characteristics. 
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It is more preferred to make the composition have an excess Pb content larger than the stoichiometric amount of 
Pb in site A of the composite oxide when represented by the general formula AB0 3 . The composition of this type may 
have much more improved piezoelectric characteristics and can be sintered at low temperatures. 

Accordingly, using the piezoelectric ceramic composition of the present invention, it is possible to produce mono- 
5 lithic piezoelectric devices, such as monolithic harmonic resonators, monolithic harmonic filters and monolithic piezoe- 
lectric transformers, which have internal electrodes or relatively inexpensive Ag/Pd and have good piezoelectric 
characteristics. 

Claims 

10 

1 . A piezoelectric ceramic composition consisting essentially of a composite oxide with perovsWte structure compris- 
ing Pb, Zr and Ti, and containing, as side component, at least one of Mn, Cr, and Cu. 

2. The piezoelectric ceramic composition as claimed in Claim 1 , characterized in that said piezoelectric ceramic com- 
15 position further contains W as a side component. 

3. The piezoelectric ceramic composition as claimed in Claim 1 or 2, characterized in that the amount of said Cu is 
from 0.01 to 5.0 atomic mol%. 

20 4. The piezoelectric ceramic composition as claimed in Claim 3, characterized in that the amount of said Cu is from 
0.02 to 2 atomic mol%. 

5. The piezoelectric ceramic composition as claimed in Claim 2 to 4, characterized in that the amount of said W is 
from 0.01 to 5.0 atomic mol%. 

25 

6. The piezoelectric ceramic composition as claimed in Claim 5, characterized in that the amount of said Cu and said 
W are each from 0.02 to 2 atomic mol%. 

7. The piezoelectric ceramic composition as claimed in one of Claims 2 to 6, characterized in that the atomic molar 
30 ratio of said W to said Cu is 1.1 or more. 

8. The piezoelectric ceramic composition as claimed in Claim 7, characterized in that the atomic molar ratio of said W 
to said Cu is at least 1.5. 

35 9. The piezoelectric ceramic composition as claimed in one of Claims 1 to 8, characterized in that said piezoelectric 
ceramic composition contains Pb in an amount larger than the stoichiometric amount of Pb in site A of said com- 
posite oxide when represented by the general formula AB0 3 . 
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